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AgendaAgenda

••IntroductionIntroduction

••The Revolutions Starts…The Revolutions Starts…
––Architecture, magnetics/circuits, resultsArchitecture, magnetics/circuits, results

••SummarySummary



From High Performance Servers to From High Performance Servers to 
Small CE devices the trend in platform Small CE devices the trend in platform 
power needs to shrink, become more power needs to shrink, become more power needs to shrink, become more power needs to shrink, become more 
efficient, and be more cost effective.efficient, and be more cost effective.



Overview of ISVROverview of ISVR

••ArchitectureArchitecture

••Magnetics/CircuitsMagnetics/Circuits

••ResultsResults••ResultsResults



Integrated VR Technology Integrated VR Technology -- architecturearchitecture
• ‘Common Cell’ Architecture – 20 cells

• Architecture supports flat efficiency curve

• Fine grain power management

• Allows for multiple voltage rails

• Telemetry and Margining features

• Active Voltage Positioning for current sharing and 
balance

• Control features, including: JTAG, FPGA, Test/BIST
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Power Cell ArchitecturePower Cell Architecture

•• Each Power cell == Mini VREach Power cell == Mini VR

–– Up to 25A rating* Up to 25A rating* -- testedtested

–– Programmable switching frequency Programmable switching frequency 
30MHz to 140MHz30MHz to 140MHz

–– Ring coupled inductor topologyRing coupled inductor topology

•• 16 phases per power cell, 320 16 phases per power cell, 320 
phases per chipphases per chip

–– High phase count reduces noise, High phase count reduces noise, 
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–– High phase count reduces noise, High phase count reduces noise, 
rippleripple

–– High granularityHigh granularity

–– Cell sheddingCell shedding

–– Bridge sheddingBridge shedding

•• BISTBIST

–– SelfSelf--load and characterization load and characterization 
system.system.

Control & Control & 
LogicLogic

Bridges & Bridges & 
DriversDrivers

SyntheticSynthetic--load load 
for testingfor testing

* Thermally constrained* Thermally constrained

MC Buss MC Buss 
Registers & Registers & 
interfacesinterfaces

ObservabilityObservability
portsports



Master Control ArchitectureMaster Control Architecture

•• Master Controller Custom RTLMaster Controller Custom RTL

•• VID controllerVID controller

•• JTAG 1194 compliantJTAG 1194 compliant

•• Cell Domain Map (V,T,I)Cell Domain Map (V,T,I)

•• AVP adjustAVP adjust

•• Test & BIST per cellTest & BIST per cell

•• SoftstartSoftstart & & WarmstartWarmstart AlgorithmsAlgorithms
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•• Internal Buss interface logicInternal Buss interface logic

•• IRQ bussIRQ buss

•• Platform Interface supportPlatform Interface support
–– Parallel bussParallel buss

•• Cell ICell I--balancebalance
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ThinThin--Film OnFilm On--die Magneticsdie Magnetics

Domain Magnetic Cross section

•• Technology targets & StackupTechnology targets & Stackup

•• 90 nm technology for test devices90 nm technology for test devices

•• 77--8 metal layers + thick metal(C4) + 2 Magnetic layers8 metal layers + thick metal(C4) + 2 Magnetic layers

•• M1M1--m4/5 routing m4/5 routing –– bridge connections bridge connections –– decoupling capacitorsdecoupling capacitors

•• M8 M8 –– inductor/transformer interconnect inductor/transformer interconnect –– ~10 um thick metal~10 um thick metal

•• M7,M9 M7,M9 ––magnetic material layersmagnetic material layers–– ~4 um thick (laminated) Ni~4 um thick (laminated) Ni8080FeFe2020

m1-mX

Ni80Fe20

L metal



Gains from onGains from on--die magneticsdie magnetics

•• Energy density increasedEnergy density increased
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•• Energy density increasedEnergy density increased

•• Volume shrinksVolume shrinks

•• Power Loss decreasedPower Loss decreased
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ThinThin--Film Magnetics in Film Magnetics in 
relation to VR relation to VR CktsCkts

•• LLselfself ~ 17nH per phase. ~ 17nH per phase. --
K~93%K~93%

•• 16 phase 16 phase –– 25A/cell Imax25A/cell Imax

•• 2.8 mm2.8 mm22 per cellper cell
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Power Train Power Train 
Architecture Architecture 

•• Cell level power train & Local Cell level power train & Local 
ControllerController

•• 16 phase 6016 phase 60--140 140 MhzMhz (per phase) (per phase) 
coupled inductorcoupled inductor

•• Controller Controller –– type I analogtype I analog

•• Current SenseCurrent Sense

16 phase VR16 phase VR

•• Current SenseCurrent Sense

•• Flat efficiency with bridge sheddingFlat efficiency with bridge shedding

•• Loop programmableLoop programmable

•• Register control between master Register control between master 
controller and local cell controllercontroller and local cell controller

•• Monitor and Monitor and ObservabilityObservability thru passthru pass--
gate port designgate port design

Power Cell Power Train Power Cell Power Train Drive BlockDrive Block



PWM topologyPWM topology

•• Differential low power selfDifferential low power self--biased PLLbiased PLL

•• Pulse width control by:Pulse width control by:
–– Clock => Triangle wave => pulses Clock => Triangle wave => pulses 

with variable duty cyclewith variable duty cycle

Ref Clock
1 phase
50% duty

Clock
16 phases
50% duty

Triangle Wave
16 phases

Pulses
16 phases

Variable duty



Some Practical Silicon VR Design Some Practical Silicon VR Design 
Considerations…Considerations…

• Ring-coupled vs. other topologies
– Ring-coupled allows for current balance between all phases 

which can reduce phase imbalances leading to higher loss.

– Negatives are there is a 22.5 degree imbalance intrinsic in the 
next adjacent pair.

• C4 alignment is crucial in layout – between the 
inductors…

• Ripple current control and saturation mitigation
– Input ripple crucial as much as output – de-intranement

• PLL placement – local vs. global

• Observability analog/digital

• Multiple stage bridge arrangement

• Noise mitigation circuitry – RR’s must be set up 
front between adjacent circuits



Test Results:Test Results:
SnapSnap--shot of circuits shot of circuits –– both Wafer Probe & both Wafer Probe & 
PackagePackage

••BandgapBandgap

••All internal linear regulators (LDO’s)All internal linear regulators (LDO’s)

••SensorsSensors

•• V/I sensors & ADC used for knownV/I sensors & ADC used for known--

••Interface logicInterface logic

•• Enabled full programming through Enabled full programming through 
either parallel bus or scaneither parallel bus or scan

••DFT featuresDFT features

•• such as manual programming of such as manual programming of 
VCO frequencyVCO frequency•• V/I sensors & ADC used for knownV/I sensors & ADC used for known--

goodgood--die screening die screening ––all were all were 
functional (not fully debugged functional (not fully debugged 
though)though)

•• Temperature sensor and its ADC Temperature sensor and its ADC 
functional on breakfunctional on break--out dieout die

••ObservabilityObservability portsports

•• To look at preTo look at pre--determined internal determined internal 
nodesnodes

AVPAVP

•• Shared all 20 CellsShared all 20 Cells
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Booted 90W Server CPU Booted 90W Server CPU –– only 3 cells!only 3 cells!

•• With 40% of Output Filter Cap*With 40% of Output Filter Cap*

•• Continuous operation with virus Continuous operation with virus 
for 4+hoursfor 4+hours

–– No ErrorsNo Errors

IntelIntel XeonXeon Processor E7330Processor E7330

ISVRISVR

1616

These 3 These 3 cells!cells!

*Compared with MBVR*Compared with MBVR



VVrippleripple & VVTTTT & EfficiencyEfficiency
•• Voltage Ripple Voltage Ripple VVrippleripple

•• Measurements in lab on ISVR indicate ripple is Measurements in lab on ISVR indicate ripple is 
almost nonalmost non--existentexistent

•• Simulations yielded worst case Simulations yielded worst case +/+/--2mv2mv

•• VVTT TT Thermal driftThermal drift

•• Most error is calibrated out and leftover is Most error is calibrated out and leftover is 
linearizedlinearized over temperature range to less than over temperature range to less than 
1mV1mV

•• Basic Test (no changes) ~76% peakBasic Test (no changes) ~76% peak

2mV > 2mV > VVrippleripple simsim on Cellon Cell

VVrippleripple measurement measurement ––
Only noise pickupOnly noise pickup

•• Basic Test (no changes) ~76% peakBasic Test (no changes) ~76% peak
–– Bias circuits all on.Bias circuits all on.

•• Efficiency* ~Efficiency* ~82%82% speculatedspeculated with with 
basic changes for ‘product’ level introbasic changes for ‘product’ level intro
–– Inductor topology coupling changeInductor topology coupling change

–– NonNon--lab level magnetics processedlab level magnetics processed

–– Bias Bias pwrpwr rere--distributeddistributed

–– Driver/Bridge circuits reDriver/Bridge circuits re--biasedbiased

–– NonNon--test bridge/output routingtest bridge/output routing

*Does not include additional advancements that cannot be reported at this time.

Power Breakdown by elementPower Breakdown by element

‘Raw’ Efficiency Measurements‘Raw’ Efficiency Measurements



Summary on ISVR…Summary on ISVR…

•• 400A capable 400A capable –– tested to 220A for less than ½ of chip tested to 220A for less than ½ of chip –– both both 
sides alternated!sides alternated!

–– Board thermally limited.Board thermally limited.

•• Booted and ran server processor (90W design) with 2 cells Booted and ran server processor (90W design) with 2 cells ––
ran with 3 cells under ran with 3 cells under LinpackLinpackTMTM for 4+ hours.for 4+ hours.

•• Ripple below noise threshold.Ripple below noise threshold.•• Ripple below noise threshold.Ripple below noise threshold.

•• Efficiency in low 80’s with minor changesEfficiency in low 80’s with minor changes

–– Additional changes possible will boost up.*Additional changes possible will boost up.*

•• Density is ~8A/mmDensity is ~8A/mm22 thermally constrained.thermally constrained.



Last Message: Last Message: 
Power Delivery and Power Power Delivery and Power 
Management Must be CombinedManagement Must be Combined

• Integrated Magnetics is a key enabler which can alter the way 
we deliver power to silicon

•• The KeyThe Key: Combining certain circuits, architecture and IM can 
lead to a revolutionary solution that is highly compellinglead to a revolutionary solution that is highly compelling

• SoC’s for CE’s are clearly a synergistic area which is hungry for 
such a technology – this is because technology scales…

• Questions?


